This study examined the relationship between early childhood caries (ECC) and measures of socioeconomic status as environmental determinants of oral health inequalities. Dental caries and quality of oral hygiene were reported on 384 young inner-city children (24-35 months) by clinical examination. Early childhood caries was diagnosed in 18.5% of children. Ethnicity (P < 0.001) and neighborhood (P < 0.001) were the social variables significantly predictive of ECC in a logistic regression model. Living in a deprived neighborhood and the mother being of East European descent were the social variables with strongest association with ECC. These variables can be considered adequate criteria to identify groups at risk within the overall population.
D ESPITE marked health improvements in the oral health of the overall population, children in deprived families experience a disproportionate share of the disease burden. [1] [2] [3] A common oral health risk in childhood is early childhood caries (ECC). Since 1990, several reports on ECC in various European countries have been published, reporting prevalence rates from 2.1% in Sweden 4 to 27.3% in Rome (Italy). 5 When focusing on deprived populations, prevalence rates up to 85% in a multicultural low socioeconomic urban area in Malmö (Sweden) are found. 6 However, the prevalence estimates of caries are highly dependent on the used case definition. In April 1999, the National Institute of Dental and Craniofacial Research (the leading institute on dental research) organized a workshop in Bethesda in which a consensus was reached, defining the term early childhood caries as the occurrence of any sign of dental caries on any tooth surface during the first 3 years of life. 7 Early childhood caries has a complex aetiology. The condition is often associated with the use of sweetened pacifiers (dummies), the use of baby bottles or nursing on demand, poor oral hygiene, early colonisation and high levels of cariogenic bacteria, maternal flora, socioeconomic status of the family, stress, selfesteem, and social networks. 6, [8] [9] [10] However, the mechanism of interaction of several of these factors is still unexplained. Two major sociodemographic variables have been addressed in the literature on ECC and caries in the primary dentition: race and ethnicity, and socioeconomic status (SES) of the family. [10] [11] [12] [13] [14] [15] [16] Several studies in Europe, the United States of America, Canada, and Australia have analysed ECC rates among ethnic groups, including immigrant populations. Ethnic minorities in all these countries uniformly have increased rates of ECC. [11] [12] [13] [14] [15] Epidemiologic studies also clearly document the increased risk of ECC associated with lower SES. 10 In a systematic review, Reisine and Psoter concluded that the preponderance and consistency of the inverse relationship between SES and caries support the theory that young children in lower-SES populations are at greater risk for dental caries. 16 Health programs have contributed substantially to the low prevalence rates for ECC by focusing on health behavioral changes; despite this, they were not able to bridge the gap between social classes. 17 These programs are often based on the assumption that direct health concerns are the underlying reasons for this change. 17 Evidence from many studies have, however, revealed the importance of social or other motivating factors rather than health concerns as driving be-haviour change. 17 Furthermore, these programs largely assume a rational and logical basis of human behaviour, which is not a true reflection of the human experience in the real world where social, environmental, and political factors greatly determine behaviour. 17 An alternative theory base is needed to support the development of an effective oral healthpromotion policy and practice, and one that acknowledges the importance of the wider social determinants of oral health. Interventions to reduce oral health inequalities need to be guided by theoretical frameworks that are developed from an analysis of the origins and processes underlying health disparities. 17 This article aims to determine the prevalence of ECC in inner-city children within a midsized city in Belgium and to investigate the independent association between householdand neighborhood-based socioeconomic measures and ECC.
METHODS

Participants and sample
The target population of this study were all children living in a midsized city of 225,000 inhabitants in Flanders, Belgium, aged between 24 and 35 months during the examination period (January 2003 and June 2003) (N = 2948). These children were included in the "Child & Family Ikaros"database. Child & Family (C&F) is a Flemish public agency whose purpose is to monitor and to promote the welfare and health of all children from their birth up to the age of 3 years. During the free preventive consultations, children are examined, advice is given, and vaccinations are carried out. All children aged between 24 and 35 months, attending the final consultation at 1 of the 12 baby clinics of C&F during the 6-month study period, were included in the study (n = 384, mean age = 30.16 months, SD = 1.65). The participants consisted of 180 boys and 204 girls. The accompanying adult of all the children was asked to sign the informed-consent form. This study was approved by the ethics committee of a university hospital.
Instrumentation
Dental caries
Data were collected by clinical examination of the children and by a face-to-face interview with the proxi of the child during the final consultation at 1 of the 12 baby clinics of C&F. Clinical examinations for recording dental caries and oral hygiene were carried out by 2 examiners experienced in paediatric dentistry and trained and calibrated on the survey diagnostic criteria. The dental examinations were conducted following standardised and widely accepted criteria, as recommended by the WHO report on oral health surveys and based on the diagnostic criteria for caries prevalence surveys published by the British Association for the Study of Community Dentistry (BASCD). [18] [19] [20] Caries were expressed by the dmf-s index (the summation of decayed [from initial lesion -d 1 -onwards], missing and filled tooth surfaces). Calibration for the diagnosis of caries was carried out prior to the survey. The calibration exercises followed the guidelines on training and calibration published by the BASCD. 19 The examiners were calibrated by examining the same group of 20 children (all tooth surfaces) and comparing their results with the examination results of the benchmark examiner (L.M.). Calibration exercises were conducted in agematched children with a variety of pathology present, making sure that some cariesfree children were also included. To evaluate the levels of reliability, master sheets were used and scores compared using paired t tests. To obtain more detailed information, Cohen's κ coefficient was calculated, since this score corrects by chance-expected agreement. The κ coefficient was calculated at surface level for decayed surfaces, together with an overall κ value for the dmfs score. 21 Overall interexaminer weighted κ values for both examiners were 0.78 and 0.71, respectively.
Oral hygiene
To assess the level of oral hygiene, the presence of plaque was determined by calculating the plaque index as described by Silness and Löe. 22 Hereto, the buccal surfaces of the Ram-fjord teeth (6 selected teeth used to assess gingival or plaque conditions in a patient's dentition) were scored from 0 to 3 (from no plaque to an abundance of plaque), followed by calculating the mean.
Demographic and socioeconomic questionnaire
Additional information was collected by a face-to-face interview with the proxy of the child, based on validated, English language questionnaires 12, 23, 24 and performed by 3 well-trained and experienced interviewers. The Dutch version of the questionnaire was checked during a pretest. This process resulted in some questions being deleted and others changed. The reliability of the questionnaire was assessed during a test-retest procedure in a random sample of 20 participants at a 10-day interval. The questionnaire included questions on the age of the child, the home address and family size, and various questions measuring the SES of the family and the oral health-related dietary and hygiene habits of the child. Each variable was used separately in the analysis.
Four separate socioeconomic variables on household level (occupational status, educational level, income, and ethnicity) and 1 variable on neighborhood level (neighborhood deprivation score), based on the family's address, were used. Occupational status was defined by the person in the household with the highest occupational class. Occupation was classified according to the Standard Occupational Classification, published by the Office of Population Censuses and Surveys 25 and was categorised in 3 groups: high (professional and managerial), middle (skilled nonmanual and skilled manual) and low (semiskilled, unskilled, and unemployed). Educational level was based on the highest qualification in the family and was categorised in 3 groups: high (degree or equivalent), middle (A-level or equivalent), and low (less than A-level or equivalent). A-level is defined as the equivalent of completion of schooling until the age of 18 years, the age limit for compulsory school attendance. Income was based on total household income (the sum of the income from labour and benefits), which was recorded in categories per 500 Euro. Ethnicity, defined as the nationality of the mother at birth, was categorised in 5 categories (Western Europe + Australia, Eastern Europe, Turkey, Northern Africa, other). Finally, according to the address, a neighborhood deprivation score was assigned to each family. In Belgium, every urban address is linked to a poverty indicator, indicating whether the address is located in a deprived neighborhood or not. This validated composite score is calculated using indices related to income (eg, mean income per inhabitant in the neighborhood), accessibility of the labour market (eg, the number of unemployed and long-term unemployed in the neighborhood), education and profession (eg, number of inhabitants with a higher education in the neighborhood), quality of housing (eg, number of houses with central heating), composition of the households (eg, number of singleparent households), and composition of the population (eg, number of migrants). 26
Oral health-related dietary habits
The oral health-related dietary habits were measured using 6 variables: breast-feeding, daily use of a baby bottle containing sweetened drinks, use of feeding beakers or cups, allowing the child to go to sleep with a bottle, use of a pacifier (dummy) with sweetener, and the use of sweetened syrup medicines for at least 1 month. Finally, the child's oral hygiene habits were determined by questions on the frequency of brushing and on whether the child gets any help from an adult when brushing his or her teeth. The basic version of the questionnaire was written in Dutch, the official language of the northern region of Belgium. Because of the large number of immigrants, a standardized procedure of translation and backwards-translation was followed to translate the questionnaire into 5 different languages (French, English, Turkish, Slovene, and Albanian). Interviews in Turkish, Slovene, and Albanian were performed with the help of an interpreter.
Procedures
Calibration exercises, pretest of the questionnaire, test-retest reliability, and translation of the questionnaire took place in December 2002. Data were collected from January 2003 till June 2003. The clinical examination and the face-to-face interview took 15 and 20 minutes, respectively. The information was collected on data collection forms (interview) and Access files on a laptop computer (clinical examination), and then transferred to SPSS 10.0 software for analysis.
Data analyses
Initially 2-dimensional crosstabs with χ 2 test statistics were used to study the bivariate relationships between ECC and the socioeconomic variables. Although this analysis gives an idea of the socioeconomic variables that are significantly associated with ECC, the possible confounding influence of other variables is not taken into account. Therefore, to determine the independent association between household-and neighborhood-based socioeconomic measures and ECC, a logistic regression model was constructed using the following variables: age, family size, educational level, profession, income, ethnicity, neighborhood deprivation, breast-feeding, daily use of a baby bottle containing sweetened drinks, use of feeding beakers or cups, allowing the child to go to sleep with a bottle, use of a pacifier (dummy) with sweetener, the use of sweetened syrup medicines for at least 1 month, and the frequency of brushing and whether the child gets any help from an adult when brushing his or her teeth. An odds ratio and 95% CI for ECC presence was determined for each variable used in the model. The enterwise method was used to select the final model. This multiple-step procedure requires that selection of the independent variables is not based solely on statistical association but on a conceptual framework, describing the most logical relationships between the potential variables. Those independent variables that are considered as more likely to be causely related with ECC are given a higher priority of model entry. Backward and forward methods were used as control mechanisms. The level of significance was tested by Wald tests, and P < 0.05 was set as the level of statistical significance.
RESULTS
Early childhood caries, as defined by the Bethesda workshop, was diagnosed in 18.5% of the children. The mean dmfs was 0.83 (SEM = 0.14), ranging from 0 to 23 surfaces affected. The median was 0 and the interquar- tile range (Q3-Q1) equalled 0, expressing that the middle 50% of the children had a dmfs of 0. This illustrates the skewness of the caries distribution: the majority of ECC is found in the minority of the children. None of the lesions found were treated. Table 1 shows the distribution of the dmfs and ECC according to the SES of the family, age of the child, and family size. The χ 2 test statistics show a statistically significant social gradient with those children whose parents have a lower education (P < 0.0001), lower-ranked jobs (P < 0.0001), lower incomes (P = 0.001), live in more deprived neighborhoods (P < 0.0001), and those whose mother had an East European nationality at birth (P < 0.0001), having higher prevalence rates of ECC.
To determine the independent impact of the socioeconomic variables on ECC, a multiple logistic regression model was built using all 5 socioeconomic variables and adjusting for age, family size, and oral health-related behavioral variables as possible confounders. This model explained 55.9% of the variance of ECC and indicated that neighborhood deprivation and ethnicity independently predicted the prevalence of ECC ( Table 2 ). The odds ratio for children whose mother had an East European nationality at birth was 19.1, representing the increase in risk for having caries compared with children whose mother had a West European nationality at birth (95% CI = 3.10-117.54). The odds ratio for the relationship of neighborhood deprivation with ECC was 11.08 (95% CI = 3.4-30.77). From all oral health-related behavioral variables, only the use of a bottle with sweetened drinks other than milk or water (OR = 3.1/95% CI = 1.20-7.96), the frequency of brushing (OR = 0.24/95% CI = 0.09-0.61 for brushing at least twice a day) and the quality of oral hygiene, expressed by plaque index scores (OR = 3.53/95% CI = 1.86-6.68) remained significantly associated with ECC.
DISCUSSION
Despite earlier studies reporting a dramatic decrease in caries prevalence in Flanders, 27 ECC was diagnosed in 18.5% of the children. Comparison in a European context still remains difficult due to the inconsistency of terminology and the use of different diagnostic criteria. Since the relatively recent achievement of a consensus on criteria to define ECC, comparable studies can be expected in the future. Meanwhile, only one study comparable to ours could be found. A recent study in Italy on a small sample reported a similar prevalence of 17.2%. 28 In the adjusted multiple regression model using 5 SES variables, neighborhood deprivation and ethnicity were the ones found to be significantly associated with ECC. The combined impact of neighborhood deprivation and ethnicity seems to be of such an importance that it masks the effect of the other SES variables (income, highest educational level, and occupational level in the family). An important finding of this study is that ethnicity remains a significant independent risk factor after adjusting for other socioeconomic measures and the effects of infant feeding practices and preventive oral health behavior. Children whose mother had an East European nationality at birth exhibited significantly higher ECC experience compared with the children of mothers with West European descent, even when controlling for social status of the family and oral health behavior.
Higher prevalences among ethnic minority groups have been reported earlier in the literature. 1, 6, 12, 15 The explanation reported in most of these studies is that children with immigrant background had a significantly higher sugar consumption than nonimmigrant children. They also often came from families from lower socioeconomic strata. 12 Findings of epidemiologic surveys in the United Kingdom even suggested that the inclusion of ethnicity as a variable for dental caries was no longer relevant, as it could divert attention from more important variables such as income and social class. 1 The findings of this study could partly be explained by the possible differences in fluoride exposure and in colonisation with streptococcus mutans and lactobacilli (both in mothers and children) between children from different ethnic backgrounds. Both these variables were not included in the present study. More fatalistic health beliefs, lower perceived need for and economic and social barriers to dental health care services could also play an important role in the increase of ECC in East European ethnic minority groups, mostly civil war fugitives or inhabitants of deprived neighborhoods. Further research is needed to explore these hypotheses. On the other hand, information bias due to lack of precision of reported data on diet and oral hygiene can cause an underestimation of the effect of these variables. Despite these possible methodologic limitations, immigrant background and neighborhood deprivation seem to be important factors in the identification of children who need early preventive care.
Another source of concern in the present study could be the lack of a randomized sample. Some possible selection bias should be considered as the children who do and who do not attend the C&F baby clinics have different characteristics. Yet, a relatively good representative sample of the population was realized, with only a slight underrepresentation of boys (46.94% vs 50.37% in the population), of children whose mother had a Belgian nationality at birth (60.27% vs 64.58%), and of children living in a deprived family (10.6% vs 13.5%).
The strength of the current study was the use of a multiple regression procedure to measure the effect of putative risk factors. The extensiveness of the way determinants of caries were measured made the building of the detailed model possible. Consequently, confounding effects could be determined and controlled for. Conversely, because of the strength of the impact of the social variables, the regression model also could have masked the effect of other important factors, especially behavioral factors such as dietary and feeding patterns. The present study may contribute to the development of more effective strategies for oral health promotion and prevention of ECC. First, the high prevalence of ECC emphasizes the importance of targeting children in a very early stage of their life if we want to further improve the oral health status of the population. Second, neighborhood deprivation and ethnicity are shown to be adequate criteria to identify groups at risk in the overall population. Therefore oral health promotion should focus not only on social class but also on certain minority groups.
All these considerations leads us, in agreement with the findings of the systematic review of Ismail, 4 to conclude that ECC is a social, political, behavioral, and medical problem that can be controlled only through understanding the dynamic changes that are taking place in society, particularly as they pertain to environmental factors such as neighborhood, family structure, nurturing of children, and socioeconomic status. 4 The fundamental solution for reducing socioeconomic inequalities, also in dental health, is to tackle poverty and to pursue equity in income, education, and social participation.
